WiMAX has been introduced as a competitive alternative for metropolitan broadband wireless access technologies. It is connection oriented and it can provide very high data rates, large service coverage, and flexible quality of services (QoS). Due to the large number of connections and flexible QoS supported by WiMAX, the uplink access in WiMAX networks is very challenging since the medium access control (MAC) protocol must efficiently manage the bandwidth and related channel allocations. In this paper, we propose and investigate a cost-effective WiMAX bandwidth management scheme, named the WiMAX partial sharing scheme (WPSS), in order to provide good QoS while achieving better bandwidth utilization and network throughput. The proposed bandwidth management scheme is compared with a simple but inefficient scheme, named the WiMAX complete sharing scheme (WCPS). A maximum entropy (ME) based analytical model (MEAM) is proposed for the performance evaluation of the two bandwidth management schemes. The reason for using MEAM for the performance evaluation is that MEAM can efficiently model a large-scale system in which the number of stations or connections is generally very high, while the traditional simulation and analytical (e.g., Markov models) approaches cannot perform well due to the high computation complexity. We model the bandwidth management scheme as a queuing network model (QNM) that consists of interacting multiclass queues for different service classes. Closed form expressions for the state and blocking probability distributions are derived for those schemes. Simulation results verify the MEAM numerical results and show that WPSS can significantly improve the network's performance compared to WCPS.
Introduction
Modern mobile radio communications technologies have fundamentally changed our lives, and they are expected to provide more advanced services including high speed real-time multimedia services and the transmission of large volumes of data over wireless networks. However, due to the bandwidth constraints and the need for ubiquitous operation and mobility, current wireless systems can not efficiently support the expected services. Moreover, network infrastructures in rural areas and developing countries are relatively poor and providers are unwilling to install the necessary network equipment in regions that have a low profit potential. For those areas, broadband wireless technologies are very attractive [1] . Worldwide Interoperability for Microwave Access (WiMAX) [2] is one such broadband wireless technology, and it was invented particularly for metropolitan area networks. It is connection oriented, it can provide a very high date rate, it has large service coverage, and it offers flexible quality of service (QoS).
In the WiMAX system, service classes can be classified into Unsolicited Grant Services (UGS), Real-Time Polling Services (rtPS), Extended rtPS, No real-time Polling Services (nrtPS), and Best Effort (BE) [3] . How to manage the traffic from those service connections becomes one of the important issues in the WiMAX system. The bandwidth management scheme is therefore a critical component of WiMAX networks for managing the different kinds of traffic efficiently. However, due to the large number of connections and flexible QoS supported by WiMAX, the uplink access in WiMAX networks is very challenging since the medium access control (MAC) protocol must efficiently manage the bandwidth and related channel allocations. In this paper, we propose a novel bandwidth management scheme, namely, the WiMAX partial sharing scheme (WPSS), to obtain more efficient bandwidth management and better QoS. Under this scheme, any available bandwidth allocated for higher priority traffic can be efficiently used for lower priority traffic. On the other hand, the higher priority traffic can preempt bandwidth that is being used by lower priority traffic. Consequently, the scheme can improve the bandwidth utilization without violating the QoS of higher priority traffic and without delaying transmission.
Simulation modeling has been widely accepted as an efficient tool for studying detailed system behaviors. However, the simulation approach becomes costly, particularly as the system size increases considerably. Markov models can provide greater flexibility, but the associated numerical solutions may suffer from several drawbacks, such as the restrictive assumptions of the Poisson arrival process and/or state space explosion, which limit the applications of the Markov model approach for large scale wireless systems. The WiMAX system is especially novel, more complex, and more advanced. Because of the high frequency, high data rate, and large number of connections in WiMAX systems, the simulation tools and Markov model approaches are facing big challenges for evaluating the performances of WiMAX systems. Recently, we have applied the principle of maximum entropy (ME) [4] [5] [6] to evaluate the performances of a wireless GSM/GPRS cell with generalized exponential (GE) bursty traffic using a partial bandwidth sharing scheme. In this paper, we extended our previous work on the ME-based analytic model [4] [5] to the performance modeling and evaluation of a WiMAX system in which multiclass bursty traffic flows are managed by WiMAX complete partitioning (WCPS) or the WiMAX partial sharing scheme (WPSS). In the analytical model, an open queuing network model (QNM) is proposed, which consists of five interacting multiclass generalized exponential (GE)-type queuing and delay systems with multiple servers and finite capacities. ME analytic solutions are derived, subject to appropriate GE-type queuing and delay theoretic mean value constraints and expressions. The model states and blocking probability distributions are determined by closed-form expressions. Typical numerical experiments are included to verify the credibility of the ME solutions compared to the simulation approach and to compare the WiMAX network performances under the WCPS and WPSS joint bandwidth management schemes.
The rest of the paper is structured as follows. Literature reviews and related WiMAX traffic classes are presented in Section 2. Two bandwidth management schemes are introduced in Section 3. Some preliminary remarks and the ME analysis of the bandwidth management systems are highlighted in Section 4. Typical experimental results are presented in Section 5. Concluding remarks follow in Section 6.
General Bandwidth Schemes and WiMAX Traffic Classes
Cost-effective algorithms for queuing and delay network models under various bandwidth management schemes are widely recognized as powerful and realistic tools for the performance evaluation and prediction of WiMAX performance with ever increasing volumes of multimedia traffic with different quality-of-service (QoS) guaranteed.
Literature Review
Earlier performance models for 2G wireless networks are based on the Global System for Mobile (GSM) telecommunications for the transmission of voice calls (e.g., [5] ) and its extension based on the General Packet Radio Service (GPRS), which allows data communication with higher bit rates than those provided by a single GSM channel (e.g., [4] [6] [7] [8]). Moreover, the performance models of the wireless third generation (3G) multiservice Universal Mobile Telecommunication Systems (UMTS) for multimedia traffic flows, such as voice calls, streaming media and data packets, have been of major interests for mobile network providers and have received widespread attention in the literature (e.g., [9] [10] [11] ). Recent performance evaluation studies in the field are very often based on simulation modeling and the numerical solution of Markov models [5] [6] [7] [8] [9] [10] [11] . Moreover, Yi-Ting Mai presents his framework for improving the IP QoS and 802.16 QoS in [12] . It was confirmed that four types of traffic could be transmitted independently with QoS guarantees. For high-speed optical transmission, the reference model of 40 Gb/s-based photonic packet switches has been proposed for wide bandwidth management [13] . Those schemes can use the bandwidth management scheme to transmit high data rate traffic, but they are inefficient for improving the network performance. In this paper, WPSS is proposed not only to extend the earlier GSM/GPRS/UMTS bandwidth management schemes, but also to improve the WiMAX system efficiency and achieve better system performance.
WiMAX Service Classes
According to the 802.16e standard, there are five service classes defined, which are introduced below [3] .
Unsolicited Grant Services (UGS):
The UGS is designed to support real-time uplink service flows that generate and transport fixed-size data packets on a periodic basis, such as T1/E1 and voice over IP without silence suppression. The service offers fixed size grants on a real-time periodic basis, which eliminates the overhead and latency of SS (subscriber station) requests and assure that grants are available to meet the flow's real-time needs.
Real-Time Polling Services (rtPS):
The rtPS is designed to support real-time uplink service flows that generate and transport variable size data packets on a periodic basis, such as moving pictures experts group (MPEG) video. The service offers real-time, periodic, unicast request opportunities that meet the flow's real-time needs and allow SSs to specify the size of their desired grant. This service requires more request overhead than UGS, but it supports variable grant sizes for optimum data transport efficiency.
Extended rtPS:
Extended rtPS is a scheduling mechanism that builds on the efficiency of both UGS and rtPS. The extended rtPS provides unicast grants in an unsolicited manner as in UGS, thus saving the latency of a bandwidth request. However, whereas UGS allocations are fixed in size, ertPS allocations are dynamic.
No Real-time Polling Services (nrtPS):
The nrtPS offers unicast polls on a regular basis, which assures that the uplink service flow receives request opportunities even during network congestion. The base station (BS) typically polls nrtPS CIDs on an interval on the order of one second or less.
Best Effort (BE):
The intent of the BE type of service grant scheduling is to provide efficient service for best effort traffic in the uplink. In order for this service to work correctly, the Request/Transmission Policy setting must be set such that the SS is allowed to use contention request opportunities. This results in the SS using contention request opportunities as well as unicast request opportunities and unsolicited Data Grant Burst Types data transmission opportunities. All other bits of the Request/Transmission Policy are irrelevant to the fundamental operation of this scheduling service and should be set according to network policy.
Each SS to base station connection is assigned a service class as part of the creation of the connection. When packets are classified in the convergence sub-layer, the connection into which they are placed is chosen based on the type of QoS guarantees that are required by the application. In our system, the general traffic can include five types of classes, which are Voice IP (VoIP) without silence suppression, VoIP with silence suppression, Video Conferencing (VC), File Transmission (FTP), and HTTP. In this context, different WiMAX traffic has various priority and QoS requirements. With these conditions, the novel WiMAX scheduler will be proposed in following section.
Bandwidth Management Schemes for a WiMAX Network
With the development of wireless communication technology, the requirement of broadband wireless network has changed from 'last 100 meters' to 'last miles', and the WiMAX technology has been introduced as one of the world's candidate solutions. More recently, moderate mobility can be supported by WiMAX. In this section, we will discuss two bandwidth management schemes for WiMAX networks.
The WCPS & WPSS Bandwidth Management Schemes
Efficient joint bandwidth management schemes for WiMAX are critical for the support of mobile multimedia applications with required quality-of-service (QoS). Resources for those WiMAX traffic flows can be reserved statically or dynamically, and a combination of both is possible. Different cell capacity partitioning schemes for handling the transmission of UGS, rtPS, extend-rtPS, nrtps, and BE data packets can be defined. In such an environment, partitions of the available bandwidth may be created for related WiMAX traffic. There can be two main types of traffic handling schemes:
WiMAX complete partitioning scheme (WCPS) divides the total cell capacity to simultaneously serve multimedia traffic. As a consequence, the transmission of UGS, rtPS, extend-rtPS, nrtps, and BE data packets can be studied separately. WiMAX partial sharing scheme (WPSS) is based on a partial sharing of radio channels where the conversational class of the UGS partition does not tolerate any delay, so it has the highest priority and it is independent of other traffic flows, followed by that of the rtPS partition and nrtPS partition, which are considered a high priority class and a low priority class respectively. Low priority traffic will reserve the channels from both the high priority and low priority partitions. The high priority class will take the higher priority role in the system. In this case, new incoming high priority data packets could preempt the reserved channels from the low priority traffic. Moreover, at any point in time, if the high priority class has some of its own channels idle, the low priority classes may use them, as appropriate, in order to enhance their own transmission capacity. New high priority class arrivals, however, will immediately preempt channels from their own channels and from any low priority classes that may use them, as appropriate (c.f., Fig. 2 ).
Two open QNMs of the WiMAX architecture under WCPS and WPSS related bandwidth management schemes can be seen in Fig. 1 and Fig. 2 , respectively. The compound Poisson process with geometrically distributed batch sizes is used to represent the arrival process of multiple class bursty traffic consisting of UGS, rtPS, extend-rtPS, nrtps, and BE data packets with equivalent GE-type interarrival times. Moreover, GE distributions are used to describe the UGS, rtPS, extend-rtPS, nrtps, and BE data packets channel transmission times. In this paper, we will focus only on uplink traffic.
The bandwidth management scheme WCPS (c.f., Fig. 1 ) operates fixed (non-interacting) partitions for UGS, rtPS, extend-rtPS, nrtps, and BE data packets. Thus, five interacting queuing and delay systems can be clearly analyzed independently. The joint bandwidth management protocol of WPSS is implemented under the following traffic handling operational conditions: At any given time, UGS will be independently transmitted through the fixed bandwidth. In the mean time, rtPS data packets may be acquired to increase the capacity of the nrtPS data packets, as appropriate. On the other hand, the extend-rtPS queuing system provides an opportunity to increase the capacity of the BE data packets delay system (c.f., Fig. 2 ). However, new arrivals with higher preemptive priority (e.g., rtPS data packets and extend-rtPS) will cause the immediate release of some or all of these channels to the rtPS/extend-rtPS queuing system. Subsequently, the transmission capacity of both nrtPS and BE data packets partitions will be progressively reduced or increased, as appropriate. Note that in the absence of any available capacity under WCPS and WPSS, the traffic flows of all the service classes (UGS, rtPS, extend-rtPS, nrtps, and BE data packets) will be lost on arrival.
Although WCPS cannot clearly achieve the best utilization for radio resources, it has the advantage of requiring a simpler management policy and implementation. Note that WCPS is the limiting case of WPSS under high loads. Moreover, in the area of queuing theory, the dynamic changing wireless channel can be generally modeled by a different server with various service rates. Therefore, we simply assume a clean wireless channel, over which packets will be correctly received unless collisions happen. General voice calls are abstracted as an M/M/c/c loss system with a Poisson distribution with c servers with particularly service rates.
UGS

WCPS
From the our recent research [14] [15][16] [17] , the open QNMs can be clearly decomposed into three interacting GE-type building block queuing and delay systems as follows: The UGS partition can be generally modeled by a classical pseudo-birth death GE/GE/c 1 /c 1 loss system with GE-type classes of conversational (IP voice) calls and service rates with c 1 channels. Moreover, the rtPS partition can be represented by a finite capacity GE/GE/c 21 /N 21 /FCFS queuing system under FCFS. nrtPS is also described as a GE/GE/c 22 /N 22 delay system with a process sharing (PS) discipline. The extend-rtPS data packets scheme is developed as a GE/GE/c 31 /N 31 /FCFS queuing system. The BE data packets partition can be modeled by a finite capacity GE/GE/1/N 32 /PS delay system with a multiple class of interactive and background data packets under a discriminatory PS rule. Note that under the PS rule, the available service capacity is shared evenly among all data packets belonging to the same class. However, in the presence of multiple data classes with different priority levels, the service capacity is shared according to PS with discrimination rates favoring higher priority classes. This is feasible because the data packets partition is physically capable of allocating all available bandwidth to one connection (subject to some battery restrictions). Also, when there are multiple connections, one time slot (channel) can be shared by eight different connections (c.f., [18] ). Note that under the PS rule, N represents the maximum number of connections that can simultaneously share the available service capacity.
Analytical Model for the WiMAX Bandwidth Management Schemes
This section overviews the GE-type distribution and principle of maximum entropy (ME). Analytic solutions for WCPS, WPSS, and related ME analyses are included as well.
In this paper, the GE-type distribution is used to describe the WiMAX traffic flows. There are several reasons for selecting the GE-type distribution, which are explained below. The inter-arrival rate and squared coefficient of variation (SCV) of the inter-event times are mainly used to simulate the different traffic with a particular queuing model for WiMAX. For example, the UGS class can be modeled by the GE/GE/c/c loss system without any delay. The BE traffic could be used by the PS rule and the GE-type queuing model to model the multi-connections in one time slot or in several time slots. In this paper, we focus only on the GE-type distribution as an example. It should be noted that the GE-type distribution is one of the short range distributions. It can only approximate the different WiMAX traffic that is combined with a particular queue to characterize the traffic's character and assist in QoS provisioning. Moreover, facing the arrival of thousands of packets, the other methodologies may be incapable of obtaining an analytic solution due to the large scale and complex system design. Using GE-type distributions and related queuing models can help achieve performance measurements (utilization, mean queue length, and blocking probability etc) with a complex queuing network model. On the other hand, Maximum Entropy (ME) is a key solution to the problems of modeling an unlimited queuing network with a GE-type distribution, and the ME analytic solution obtained in our paper may apply to other traffic distributions (e.g., self-similar and long range distributions) with proper modifications. However, we place emphasis not only on the bandwidth management schemes, but also on the WiMAX analytic solutions against the simulation results. Our numerical results can give hints about the performances of the WiMAX bandwidth management schemes when they are used with other distributions.
GE-Type Distribution
The GE-type distribution is of the form [19] [20]
where X is an inter-event time random variable and C . This is because IP packets are restricted by the underlying physical network, such as Ethernet and ATM, and thus, they have different packet lengths, typically 1500 bytes and 53 bytes, respectively. The GE distribution may also be employed to model short range dependence (SRD) traffic with a small error. For example, an SRD process may be approximated by an ordinary GE distribution whose first two moments of the count distribution match the corresponding first two SRD moments. This approximation of a correlated arrival process by an uncorrelated GE traffic process may facilitate (under certain conditions) problem tractability with a tolerable accuracy and, thus, the understanding of the performance behavior of external SRD traffic in the interior of the network. It can be further argued that, for a given buffer size, the shape of the autocorrelation curve, from a certain point onwards, does not influence system behavior (c.f., [19] ). Thus, in the context of system performance evaluation, an SRD model may be used to accurately approximate long range dependence (LRD) real traffic.
The nrtPS and BE data packets traffic has been shown to have a self-similar property or an LRD property, and those properties should be used in the simulations of the wireless systems in order to obtain a more realistic performance evaluation. However, it should be pointed out that if the self-similarity of the traffic must be modeled by analytic approaches, such as a Markov model or an ME, then the modeling task will be extremely difficult, if not impossible. Therefore only several specific traffic distributions are successfully studied as the input to the queuing systems. In this paper, we use the GE-type distribution to approximate the distributions of real data traffic, which has been successfully used as the traffic model in our previous research work. The GE-type distribution has a short range interarrival time character and a bulk size parameter, which can be used to model data packets traffic and real-time traffic. We have found that such an approximation does not considerably affect the accuracy of our analytic model on the performance evaluation of the queuing systems. Therefore, we continue to use the GE-type distribution to describe the traffic for the scheduling services in WiMAX systems and this enables us to propose an accurate and computationally tractable analytic model. To our knowledge, no such analytical model exists for the bandwidth management scheme for WiMAX systems. We believe that it is possible to extend our work with the GE-type distribution to other types of distributions. We will consider this research problem in our future research.
Maximum Entropy (ME) Formulation
The principle of ME (c.f., Jaynes [19] ) provides a self-consistent method of inference for characterizing, under general conditions, an unknown but true probability distribution, subject to known (or, known to exist) mean value constraints. The ME solution can be expressed in terms of a normalizing constant and a product of Lagrangian coefficients corresponding to the constraints. In an information theoretic context, the ME solution is associated with the maximum disorder of the system states, so it is considered to be the least biased distribution estimate of all solutions satisfying the system's constraints. Major discrepancies between the ME distribution and an experimentally observed (c.f., [20] ) or stochastically derived (c.f., [14] ) distribution indicate that important physical or theoretical constraints have been overlooked. Conversely, experimental or theoretical agreement with the ME solution constitutes evidence that the constraints of the system have been properly identified.
In the field of systems modeling, expected values performance distributions, such as those relating to the marginal and joint state probabilities (i.e., number of jobs at an individual queue or a network) may be known to exist and thus, they can be used as constraints for the characterization of the form of the ME solution. Alternatively, these expectations may often be analytically established via classical queuing theory in terms of some moments of the inter-arrival time and service time distributions. An efficient analytic (exact or approximate) implementation of the ME solution clearly requires the a priori estimation of the Lagrangian coefficients via exact or asymptotic expressions involving basic system parameters and performance metrics, as appropriate. Hence, the principle of ME may be applied to characterize useful information theoretic approximations of performance distributions of queuing/delay systems and related networks.
The ME solution for the joint state probability distribution of an arbitrary open network with queuing and delay stations, subject to marginal mean value constraints, can be interpreted as a product-form approximation. Thus, entropy maximization implies a decomposition of a complex network into individual stations, each of which can be analyzed separately with revised inter-arrival and service times. Moreover, the marginal ME state probability of a single station, in conjunction with suitable formulae for the estimation of flow moments in the network, can play the role of a cost-effective analytic building block towards the computation of the performance metrics of the entire network. Further information on ME formalism and queuing system can be found in Kouvatsos [15] .
This section highlights the ME methodology, as applied to the analysis of the GE/GE/1/N/PS and GE/GE/c/N/FCFS/CBS queuing systems. Note that the GE/GE/c/c loss system is a special case of the GE/GE/c/N/FCFS/CBS queuing system with N c = .
Moreover, further details on the mathematical proofs associated with key analytic GE-type results can be found in [14] [15] . 
Suppose that the following mean value constraints about the state probability P(S) are known to exist: 
The form of the ME joint state probability distribution { ( ) P , ∈ S S Q } can be characterized by maximizing the entropy functional ( ) ( )log ( ) H P P ∈ = − ∑ S Q P S S, subject to prior information expressed by mean value constraints (2)-(5). By employing Lagrange's method of undetermined multipliers, the following solutions are obtained:
where
is the normalizing constant, { 1 2 ..., } 
The Aggregate ME Probability Distribution
By using equations (7), the aggregate state probabilities { ( ) 0 1,..., } P n n N , = , are given by ), the following blocking probability can be clearly determined:
(i) P(a class i tagged job is blocked and its bulk finds the queue in state 0 = (0, 0, …, 0)) (ii) P(a class i tagged job is blocked and its bulk finds a queue in state 
Weighted Performance Measures under WPSS
All performance metrics of interest for the QNM of Fig. 2 under WPSS may be determined by making use of weighted averages taking probabilistically into account the dynamic increase/decrease of the low priority transmission capacity. More specifically, low priority channels will receive capacity under the WPSS variable transmission scheme depending on the availability of free high priority channels. Thus, the average performance measure could be defined:
( ) P n probability of n jobs in the system S Statistic performance measures lp μ service rate of the low priority class hp μ service rate of the high priority class l number of channels engaged from the high priority class c number of high priority channels Low priority packets will get some available channels from the high priority class, but it will give them back to the high priority class when the new incoming high priority packets arrive, so the statistic (S) of the low priority will be: 
∑
The proposed analytic GE/GE/1/N/PS delay model differs from and, in some respects, extends overall the MMPP/M/1 delay model suggested by Kouvatsos et al. [20] . Although the latter model incorporates a Markov modulated Poisson arrival process (MMPP), it is only applicable to a single class of data packets, it assumes exponential transmission times and, being an infinite capacity delay model, it does not capture the adverse blocking effect on system performance. Moreover, the GE-type delay model can be solved via closed-form expressions as opposed to those requiring computationally demanding matrix geometric methods.
Numerical Results
This section presents typical numerical results, with the purposes to (i) illustrate the credibility of the ME methodology against the simulation approach, (ii) compare the bandwidth management capabilities of WCPS and WPSS, and (iii) to assess the impact of GE-type bursty traffic on the network performances. Our numerical experiments are run with the following reference parameters, configured as UGS (5Mbps), rtPS (14.4Mbps), extendrtPS (12Mbps), nrtPS (12.5Mbps), and BE data packets (6.5Mbps) (c.f., [21] for the BE class. Note that the Java programming language is used to design the simulation for the QNMs of Fig. 1 and Fig. 2, and to obtain the simulation results at the 95 % confidence intervals.
Typical numerical experiments show that, over a wide range of parameter configurations, the ME results are very comparable in accuracy to those obtained via simulation. Moreover, it can be seen that the interarrival time SCV has an adverse effect on the performance metrics of different service classes. 
UTILIZATION
General mean UGS utilization for WiMAX UGS SIM UGS ME Fig. 3 . Effect of traffic variability on the utilization of UGS for a multiple class GE/GE/c/c loss system Fig. 3 illustrates the channel utilization of the UGS class via the ME analytical solution, which shows a perfect match between the simulation and the analytic results. The mean queue length is shown in Fig. 4 , which describes the delay performance of the rtPS traffic flows. As a lower priority class, nrtPS will share the channel capacity with the rtPS class. The effect of the two bandwidth management schemes, WCPS and WPSS, can be seen in Fig. 5 . The utilization of bandwidth is much higher with WPSS than with WCPS. The general utilization of the extend-rtPS class is shown in Fig. 6. Fig. 7 shows that the analytic mean number of BE data packets decreases rapidly with increasing external interarrival-time SCVs, which demonstrates that WPSS is an efficient bandwidth management scheme. Fig. 5 and Fig. 7 clearly demonstrate that WPSS can achieve much better performance, higher utilization, and a lower mean queue length. Note that more numerical experiments with a wide range of parameter configurations can be seen in [14] . General mean queue of BE for WiMAX WCPS−BE SIM WCPS−BE ME WPSS−BE SIM WPSS−BE ME Fig. 7 . Effect of traffic variability on the mean number of BE data packets for a multiple class GE/GE/1/N/PS delay system under WCPS and WPSS
Conclusion
In this paper, we investigated two bandwidth management schemes for WiMAX systems to understand how the bandwidth management schemes will behave and how to effectively configure and optimize the schemes, which are critical for efficient bandwidth utilization and QoS provisioning. Because WiMAX systems have high data rates and are connection oriented, there can be a large number of data packets and connections for the systems to handle, so understanding the performances of the bandwidth management schemes is inefficient and difficult when using the traditional simulation approach. Due to the large number of connections and corresponding system states, the Markov model approach is also not efficient for modeling the WiMAX systems. In this context, we proposed an efficient Maximum Entropy based analytical model to evaluate the performances of the bandwidth management schemes. The analytical model can be used to avoid the huge state spaces of the Markov models as well as the long simulation times for large-scale WiMAX systems. In the analytical model, a triple interacting GE-type queuing and delay system with multiple servers and finite capacities is studied, subject to appropriate GE-type queuing and delay theoretic mean value constraints. Closed-form expressions for the analytical model states and blocking probability distributions are obtained. Typical numerical results verify the credibility of the ME solution compared to the simulation results at 95 % confidence intervals and confirmed the performance superiority of WPSS (compared to WCPS) for WiMAX systems. Finally, the numerical results verify the adverse effect of bursty traffic on the network performances of WiMAX systems.
